Single-nucleotide polymorphism (SNP) and Alternative splicing (AS) were found to be implicated in certain diseases, nevertheless, the contributions of mRNA SNPs and AS to pathogenesis in developing rat brains with hypoxic-ischemic encephalopathy (HIE) remained largely vague. Additionally, the disease associated with Tacr3 was normosmic congenital hypogonadotropic hypogonadism, while the relationship between HIE and Tacr3 remained largely elusive. The current study was designed to investigate the differentially expressed mRNAs and related SNPs as well as AS in neonatal rats subjected to HIE to identify if the exhibition of AS was associated with SNPs under pathological condition. J o u r n a l P r e -p r o o f Firstly, we used postnatal day 7 Sprague-Dawley rats to construct neonatal HIE model, and analyzed the expression profiles of SNP mRNA in hypoxic-ischemic (HI) and sham brains by using RNA sequencing. Then four genes, including Mdfic, Lpp, Bag3 and Tacr3, connecting with HIE and exhibiting SNPs and AS were identified by bioinformatics analysis. Moreover, combined with exonic splicing enhancer (ESE) and alternative splice site predictor (ASSP) analysis, we found that Tacr3 is associated specifically with HIE through 258547789 G>A SNP in inside the Alt First Exon and 258548573 G>A SNP in outside the Alt First Exon.
Introduction
Neonatal hypoxic ischemic encephalopathy (HIE) is associated with a high risk of morbidity and mortality worldwide as well as long-term neurological sequelae (Sanches et al., 2019) . As one of the most significant factors of death and disability in human neonates (Grow and Barks, 2002; Ferriero, 2004; Shalak and Perlman, 2004) , HIE shared at least 10-15% mortality in neonates with HIE after birth and about 10-15% will develop cerebral palsy, also and the main larger proportion (40%) will develop other disabilities, such as cognitive disorder, epilepsy and autism (Cerio et al., 2013; Penny et al., 2019) . Currently, although therapeutic hypothermia (TH) was an effective method for the recovery of newborn infants with moderate-to-severe HIE (Edwards, Brocklehurst et al., 2010; Kattwinkel et al., 2010; Jacobs et al., 2013) , more than half of HIE infants die or experience serious neurological complications and the other effective neuroprotective effects were too limited.
Tachykinin receptor 3 (Tacr3) is an important receptor protein that was encoded by Tacr3 gene (Obata et al., 2016) , and expressed in central nervous system, including the cortex, nuclei of the amygdala, hippocampus and midbrain (Langlois et al., 2001; Rigby et al., 2005) . In addition, its participation in the human reproduction system is clear, such as human normosmic hypogonadotropic hypogonadism (Topaloglu et al., 2009; Semple and Topaloglu, 2010) . It has been documented that J o u r n a l P r e -p r o o f Neurokinin B (endogenous ligand of Tacr3) is involved in pathogenesis of Parkinson's disease (Mesnage et al., 2004) . However, the role of Tacr3 in HIE remains unclear and is waiting to be elucidated.
A single-nucleotide polymorphism (SNP) was a change in a single nucleotide that takes place in a specific location in the genome, in which, each change was present in a population. It had been reported that the severity of disease and differentiation of treatments were also the manifestations of heritable variation (Wolf et al., 2013) . SNPs that do not belong to the protein-coding regions could affect transcription factor binding, gene splicing, the sequence of non-coding RNA or the messenger RNA degradation. Furthermore, several studies had provided evidence that the heteromorphosis in the DNA sequences of humans could influence how humans develop illness and respond to drugs, vaccines, pathogens, chemicals and other agents. Therefore, SNPs emphasized a role in personalizing medicine (Riley et al., 2000; Kim and Misra., 2007) . SNPs in vasoactive intestinal polypeptide and N-methyl-D-aspartate receptor subunit 3A are associated with cerebral palsy in two-year-old infants after preterm birth (Costantine et al., 2012) .
Besides, several SNPs located in the area coding for Tacr3 were associated with increased odds of vasomotor symptoms (VMS) (Crandall et al., 2017) . Because the effect of Tacr3 on HIE is completely unclear, SNP may become an invaluable indication to understand the mechanism J o u r n a l P r e -p r o o f 6 of HIE.
Alternative splicing (AS), a regulated process during gene expression, could lead to a single gene coding for a variety of proteins (Black, 2003) .
Approximately 95% of multi-exonic genes were alternatively spliced in human (Pan et al., 2008) . It has been recognized that there were five basic modes of alternative splicing in general, and they were exon skipping or cassette exon, mutually exclusive exons, alternative donor site, alternative acceptor site, and intron retention, respectively (Black, 2003; Matlin et al., 2005; Pan et al., 2008; Sammeth et al., 2008) . Moreover, alternative splicing exhibited prevalent in eukaryotes (Black, 2003) and many diseases, including Alzheimer's disease (AD), schizophrenia and multiple forms of cancer (Pacheco et al., 2019; Dolfini et al., 2019; Han et al., 2018) . In AD, binding of PTBP1 to RNA sequences proximal to the intron 1-exon 2 splice junction is altered by the SNP and represents a potential mechanism behind the SNP-genotype dependent AS. Thus, analysis of the adjustment between SNP and AS may broaden our understanding of the molecular mechanisms of HIE, and provide targets for new therapeutics.
In this study, we analyzed the expression profile of mRNA with RNA sequencing to investigate if the exhibition of AS was associated with SNP in HIE. Using seven-day-old Sprague-Dawley (SD) rats with HIE, we screened the potential genes exhibiting SNPs and AS in HIE by gene J o u r n a l P r e -p r o o f ontology and pathway analysis. Ultimately, using exonic splicing enhancer (ESE) and alternative splice site predictor (ASSP) online analysis, we have shown that target gene Tacr3 is important in HIE through SNP induced AS. Together, our study provided a crucial evidence to understand SNP and AS in Tacr3 after HIE, which may be available to reveal the novel mechanism of HIE, and expand its usage.
Materials and Methods

Ethics statement
All the experiments were carried out in accordance with the Regulations 
Animals and groups
Timed pregnant female Sprague-Dawley rats were purchased from Animal Centre of Kunming Medical University and housed in individual cages. After birth, pups were housed with their dam under a 12 h light/dark cycle, with food and water available as libitum throughout the study. Then seven-day-old SD rat pups (weighing 12-15 g) were randomly divided into two groups: sham group (n=6) and HI group (n=6).
All the experiments involving the animal care, breeding and testing 
Models of HIE
A model of hypoxic ischemic encephalopathy (HIE) was established by blocking the right common carotid artery. In brief, the pups were anesthetized with 3 % isoflurane, then strapped down to the supine position for operation preparation. The right common carotid artery was identified, exposed and permanently ligated with an electrocoagulator (Spring Medical Beauty Equipment co., LTD, Wuhan, China). Following surgery, the pups were returned to their dams for 1 h, then placed in an airtight chamber maintaining hypoxia (8% O2, 92% N2 at 4 L/minutes (min)) inside the chamber at a constant 37°C for 2 h. A constant temperature of 37°C was maintained throughout all the procedures. While sham animals underwent anesthesia and the common carotid artery was exposed without ligation and hypoxia.
Cerebral blood flow
In order to detect whether the HI model was established successfully, we measured local cerebral blood flow by Laser Doppler Perfusion monitor 
Methods of sRNA extraction and detection
Six rats in each group were anesthetized with 3 % isoflurane and sacrificed by removing the brain, then the hippocampus was anatomized.
Total RNA was extracted from hippocampus and depurated through Ambion mirVana miRNA Isolation Kit in accordance with the manufacturer's instructions. RNA integrity was tested by agarose gel electrophoresis, and RNA purity should meet the following criteria: A260/280 ≥ 1.8. Afterwards, the RNA was used in the later gene sequencing.
In order to guarantee the use of eligible samples for sequencing, the system (Agilent Technologies, CA, USA) was employed to measure the RNA integrity.
Library preparation for sRNA sequencing
A total amount of 1.5 μg RNA per specimen was performed as input material for the RNA specimen preparations. Sequencing libraries were produced following NEB Next Ultra small RNA Sample Library Prep Kit for Illumina (NEB, USA) in accordance with manufacturer's instructions while the index codes were added to property sequence to each specimen.
Clustering and sequencing
The clustering of the index-coded specimens was implemented on a HiSeq Rapid PE Cluster Kit v2 (Illumia, Califonia, USA) following the manufacturer's recommendations. The library preparations were sequenced with an Illumina Hiseq 2500 platform and paired-end reads were created after cluster generation.
Quality control
Raw data of fast pattern were firstly analyzed in-house perl scripts. In the procedure, neat data were acquired through deleting reads containing adapter and Ploy-N as well as the low-quality reads from raw data. In addition, the reads were pruned and cleaned through deleting the sequences longer than 30 nt or smaller than 18 nt. Meanwhile, the sequence duplication level of the neat data and Q20, Q30, GC-content J o u r n a l P r e -p r o o f was calculated.
Comparative analysis
In order to filter ribosomal RNA (rRNA), transfer RNA (tRNA), small nuclear RNA (snRNA), small nucleolar RNA (snoRNA) and other ncRNA and repeats, we performed the Bowtie tools soft and the Clean Reads with the Silva database, GtRNAdb database, Rfam database and Repbase database sequence alignment, respectively. The remanent reads were used to measure new miRNA and known miRNA predicted by comparing with known miRNAs from miRBase. Besides, the Randfold tools soft was employed to forecast the new miRNA secondary structure.
Differential expression analysis
For the specimens with biological replicates: Differential expression analysis of two groups was performed by the DESeq R package (1.10.1).
DESeq can offer the statistical routines for ensuring the differential expression in digital miRNA expression data with a model grounded on the negative binomial distribution. The generated P values were modulated by the Benjamini and Hochberg's approach for controlling the error discovery rate. miRNA with a modulated p<0.05 discovered with DESeq was designated as differentially expressed.
GO enrichment analysis
Gene Ontology (GO) enrichment analysis of the differentially expressed genes (DEGs) was implemented with the GOseq R packages J o u r n a l P r e -p r o o f (http://www.bioconductor.org/packages /release/bioc/html/goseq.html).
Data analysis
The Agilent Feature Extraction software (version 10.7.3.1) was carried out to analyze the acquired array images as previously described.
Image-gathering settings and processing manipulations
The images were acquired by Laser Doppler Perfusion monitor, and the images were processed with PS software, Graph-pad software and E-draw software.
Statistical analysis
All results were expressed as mean ± standard deviation (SD). One way ANOVA was used to compare the experimental data in SPSS 21.0. The significance level was set at 0.05.
Results
HIE induced the obvious decrease of cerebral blood flow in right brain
The Laser Doppler Perfusion monitor (periflux system 5000, perimed, Sweden) was employed to detect the local cerebral blood flow in normal and HI rats (Fig. 1A, B) . The results showed that the cerebral blood flow of HI-2h among three groups was significantly decreased as compared with normal group (Fig. 1C; * P<0.05) . In addition, the cerebral blood flow of HI-2h group in right brain was distinctly decreased when compared with HI-2h group in left brain (Fig 1D; * P<0 .05).
J o u r n a l P r e -p r o o f
The number of genes exhibiting SNP was increased in HI group
After the successful construction of HIE model, the gene expression profiles of SNP were obtained after sequencing. The genes with SNP in the HI and normal groups were summarized in Fig. 2A and Table 1, respectively. There were 7 genes connected with HIE were screened out through GO and pathway analysis in control group, and they were B4galt1, Cryab, Loxl2, Col18a1, Cybb, Fgf2 and Cald1 (Fig. 2B and Table 2 ). There were 29 genes associated with HIE were screened out with gene ontology and pathway analysis in case group, and they are Cecr2, Chd7, B4galt1, Smad6, Itga9, Csrnp1, Ccr1, Tcf7, Pecam1, Pecam1, Lpp, Tgfbr3, Shroom3, Dcp1a, Rnf144b, Sfrp4, Arhgap17, Bag3, Itpr3, Col18a1, Sh2d2a, Dkk2, Tacr3, Ptgs1, Cd44, Cdk6, Mdfic, Cftr and Cald1 (Fig. 2C and Table 2) . Evidently, the HI group exhibited a higher number of genes exhibiting SNP as compared with normal group. This confirmed that HIE induced more genes containing SNP.
Screening the potential genes connected with HIE exhibiting SNP and
AS in HI and normal group
As shown in Fig. 3A , through intersection of SNP-normal, SNP-HI, AS-HI and AS-normal genes, 12 genes exhibiting SNP and AS were screened out in HI group, which includs Mdfic, Arhgap17(X), Chd7(X), Csrnp1(X), Lpp, Shroom3, Bag3, Col18a1, Tacr3, Cald1, Itpr3 and Pecam. Besides, there were 3 genes exhibiting SNP and AS were J o u r n a l P r e -p r o o f screened out in normal group, including Col18a1, Itpr3 and Pecam (Fig.   3A and Table 3 ). In addition, it was showed that the Mdfic exhibiting AS in Alt3' site; the Arhgap17 exhibiting AS in Alt 5splice; the Chd7, Csrnp1, Lpp, Shroom3, Bag3, Bag3, Tacr3 and Cald exhibiting AS in Alt First Exon; the Itpr3 and Col18a1 exhibiting AS in Intron retention as well as the Chd7, Pecam1, Lpp, Shroom3, Arhgap17, Col18a1 and Mdfic exhibiting AS in skipped exon in HI group (Fig. 3B and Table S1 ).
Furthermore, in normal group, it was found that Col18a1 exhibiting AS in Alt First Exon, the Itpr3 exhibiting AS in Intron retention as well as Pecam1 exhibiting AS in skipped exon (Fig. 3C and Table 3) .
Additionally, the site information of the potential genes exhibiting AS and SNP including the function of the genes, fold change, SNP site and SNP type, AS site as well as AS type (Table S1 ). According to GO and pathway analysis, there were four genes have screened out in accordance with the relationship between the site information of SNP and AS, including Mdfic, Lpp, Bag3 and Tacr3 (Table S2 ).
The target Tacr3 gene involved in HIE through SNP induced alternative splicing
Tacr3 was screened out after the analysis of the site information about the G>A was located outside the area of Alt First intron of Tacr3 (Fig. 4A and Table S3 ). ESE analysis showed that the Tacr3 gene exhibiting two SNP and Alt First Exon. The first SNP was 258547789 G>A and it was inside the Alt First Exon, the second SNP was 258548573 G>A and it was outside the Alt First Exon. The distance of Tacr3 between SNP and Alt First Exon was 178nt. Furthermore, it was affirmed that the binding intensity of SRSF2 (a sequence-specific regulator of AS and transcription activator) site was changed by 258547789 G> A, and the sequence score of splice site was decreased from 8.252 to 7.732, thus weakening the effect of splice site. Additionally, 258548573 G> A induced the deletion of the SRSF2, SRSF5 (a classical splicing factor modulates RNA splicing and translation) protein binding site (Fig. 4B) . As shown in Fig. 4C , the results revealed that SNP was located inside the Alt First Exon of Tacr3 (Fig. 4C-a and Report S4) ; the SNP was located outside the Alt First Exon of Tacr3 (Fig. 4C-b and Report S4) in HI group, and the SNP was located inside the Alt First Exon of Tacr3 (Fig. 4C-c 
Discussion
In this study, we successfully established the HIE model. Through RNA-sequencing combined with bioinformatics analysis, the genes exhibiting SNP and AS connected with HIE were screened out. Moreover, ESE and ASSP online analysis revealed target gene Tacr3 is involving in HIE through SNP induced AS.
RNA-sequencing and bioinformatics analysis of the up-regulated genes containing SNP
The results of cerebral blood flow revealed that HI induced severe right brain injury at 2 h after HIE. Accumulating evidence has indicated that 25-75% of neonates still exhibit subsequent impairments after hypothermia treatment, including deficits in cognition and memory, possibly due to incomplete protection of the hippocampus and other regions (Azzopardi et al., 2008; Cheong et al., 2012; Shankaran et al., 2010; Battin et al., 2009) . Moreover, some studies have showed that hippocampal involvement is commonly found in pathological specimens from neonates who have died of HIE (Schiering et al., 2014) . Therefore, we employed the hippocampus tissues to investigate the differentially expressed SNP mRNA in HI and normal groups. In the present study, RNA-sequencing analysis of SNP mRNA found 32 genes exhibiting SNP in normal group and 89 genes exhibiting SNP in HI group. It is indicated J o u r n a l P r e -p r o o f that some SNPs are closely related to specific diseases and are the main reason for differences in susceptibility to disease. The extensive human diseases such as β-thalassemia, sickle-cell anemia and cystic fibrosis were caused by SNPs (Ingram, 1956; Chang and Kan, 1979; Hamosh et al., 1992) . Genetic variants of some genes are thought to be associated with the risk of several diseases and the survival of patients, such as colorectal cancer (Bondurant et al., 2013; Dimberg et al., 2019) .
Furthermore, another SNP of the IL2 gene, rs2069762, is located in the promoter region and is implicated in increased susceptibility to gastric (Wu et al., 2009) , oral (Singh et al., 2017) , nasopharyngeal (Wei et al., 2010) and breast cancer (Hu et al., 2013) . It is reported that APOE ε2 SNPs (rs405509 and rs449647) were correlated with approximately 50% of the cognitive tests administered (Hossain et al., 2019) . In our study, there were 7 genes involved in the process of HIE were screened out from genes exhibiting SNP in normal group and 29 genes involved in the process of HIE were screened out from genes exhibiting SNP in HI group.
These suggests that there were a large number of up-regulated genes exhibiting SNP in HI rats, indicating that HIE induced brain injury was related to the SNP.
The site information and bioinformatics analysis of the up-regulated genes containing SNP and AS
The GO and pathway analysis revealed that 12 genes exhibiting SNP and J o u r n a l P r e -p r o o f AS in HI group and 3 genes exhibiting SNP and AS in normal group, which are connected with HIE. It is known that AS is an important mechanism in physiological processes, such as hematopoiesis and muscle function (Chen et al., 2014; Sultana et al., 2016) , and involved in the pathological process of cancer proliferation, apoptosis and hypoxia (David and Manley, 2010; Oltean and Bates, 2014) . Recent studies revealed that AS programs do not simply provide tweaking of subtle details of neuronal properties. Rather, the splicing programs have become a guiding signal for key steps such as neuron growth, recognition, synapse specification and plasticity (Furlanis and Scheiffele, 2018) . In the present study, using the analysis of the site information regarding these genes, Mdfic, Lpp, Bag3 and Tacr3 were filtrated. The SNP location of Mdfic was inside skipped exon, the SNP location of Lpp was inside skipped exon, the SNP location of Bag3 in the area of CDS as well as the SNP location of Tacr3 was in the area of mRNA but not the CDS.
Previous study has approved that the splicing of exon 2 was controlled by the intronic SNP completely (Kawase et al., 2007) , and AS significantly influenced by MYLK SNPs rs77323602 and rs147245669 in lung injury (Mascarenhas, et al., 2017) . Furthermore, NCF4 splice variants generated by functional SNP are important risk factors for mastitis susceptibility in dairy cows (Ju et al., 2015) . Therefore, SNP in mRNA and AS may influence biological processes after HIE in our study. (Geng et al., 2019) . In addition, the use of drugs with Tacr3 antagonists to regulate the reproductive axis can reduce the incidence and mortality of cardiovascular disease (Schooling et al., 2017) . Our data showed that Tacr3 involves in processed of HIE through 258547789 G>A SNP in inside the Alt First Exon and 258548573 G>A SNP in outside the Alt First Exon.
Conclusion
All the findings suggested that the SNP mediated alternative splicing of Tacr3 involves in the process of HIE, which provides profound insights to understand possible mechanisms for HIE pathophysiology through exon J o u r n a l P r e -p r o o f skipping and it may help to find novel therapeutic targets.
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